Objective: The aim of this study is to show the results of the implementation of a multimodal pain therapy regimen consisting of preemptive and infiltration analgesia application to laparoscopic or open appendectomy in pediatric patients. Methods: Eighty pediatric patients with diagnosis of acute and perforated appendicitis, who scheduled for laparoscopic or open appendectomy were randomly separated into 2 groups of 40. Age, sex, and weight of the patients, duration of anesthesia and surgical techniques were recorded. Preemptive 1.5 mg/kg tramadol HCl was administered at induction of anesthesia. As infiltration anesthesia 1 mg/kg 0.5% bupivacaine HCl was administered to the incision site of all patients. The pain levels of the patients after extubation were evaluated with Children's Hospital of Eastern Ontorio Pain Scale and Visual Analog Scale. The heart rates, respiratory rates, sedation score values, diastolic and systolic blood pressure values, postoperative analgesic requirements, sedation scores, the observed side effects, hospital stay, and the time of the first mobilization were recorded and compared. Results: There were no statistically significant differences between the groups with respect to monitored parameters except operation time and anesthesia time. Postoperative first day 13 patients (32.5%) in the LA group and in 9 patients (22.5%) in OA group, while on the second day only 2 patients (%5) in the OA group required additional analgesia . Conclusion: Our multimodal analgesia protocol consisting of preemptive analgesia and perioperative local anesthesia infiltration showed no difference between patients who underwent laparoscopic or open appendectomy with respect to pain levels and analgesic requirements.
INTRODUCTION
Appendectomy is a frequently performed surgical procedure in children (1) . In many publications on laparoscopic appendectomy (LA) a lower requirement for postoperative analgesia shorter hospital stay, less wound infection and the earlier return to normal activity relative to open appendectomy (OA) have been reported (2, 3) . Laparoscopic appendectomy (LA) has been performed routinely in pediatric patients for more than 10 years (2) . However, prospective randomized studies in children are limited (4) . This paper presents the results of the implementation of a multimodal pain therapy regimen consisting of preemptive application of local infiltration anesthesia to pediatric patients who underwent laparoscopic or open surgery appendectomy. The aim of the present study is to evaluate postoperative pain and its effects on first mobilization, and hospitalization time.
MATERIAL and METHOD
This prospective study included 80 consecutive pediatric patients aged 5-17 years with a diagnosis of acute and perforated appendicitis who underwent LA or OA between January 2013 and August 2013. Patients with communication and mental problems were excluded from the study. The study was approved by the hospital Local Ethics Committee (2013/020). Written informed consent was obtained for all subjects from a legal surrogate or the parents. Eighty patients were randomly separated into 2 groups of 40 to be operated with laparoscopic or open surgical technique. Age, sex, and weight of the patients, duration of anesthesia and surgical techniques were recorded. As infiltration anesthesia 1 mg/kg 0.5% bupivacaine HCl was administered to the incision site of all patients before incision . Induction of anesthesia for all patients was applied with 2.5 mg/kg propofol 1%, 0.5 mg/kg atracurium besylate, 1 mcg/ kg fentanyl citrate and preemptive administration of 1.5 mg/kg tramadol HCl . Anesthesia was maintained with 2-3% sevoflurane in 50% O 2 -50% N 2 O.
Open appendectomy was performed with a Rockey Davis incision. The mesoappendix was determined and dissected, and the appendix was excised. The wound was closed in the anatomical planes.
Laparoscopic appendectomy was applied using 3 trocars. The first trocar inserted to achieve pneumoperitoneum. The pressure was set at a standard level. In both groups, the abdominal skin incisions were closed with sterile sponge dressings .
In the study, the recording of postoperative pain was standardized for both groups with daily monitoring of postoperative pain scores and analgesic requirements.
The pain levels of the patients after extubation were evaluated. The nurses who had the same education level individually, and blindly observed and assessed patients' pain perception levels for 48 hours postoperatively (15, 30 minutes, 1, 2, 4, 6, 8, 12, 24, 36, 48 hours) and evaluated the pain scale using Children's Hospital of Eastern Ontorio Pain Scale (CHEOPS) (5) . Assesment of the patients' age and their compliance with Visual Analog Scale (VAS) which consists of a horizontal line, the left end representing "no pain" (0 cm) and the right end representing "the worst imaginable pain" (10 cm), was used to score patients'perception of pain at same time intervals (6) . The patients discharged before 48 hours were evaluated during their hospitalization period.
During the follow-up period, when VAS scores were >4 and /or CHEOPS >7, 1 mg/kg tramadol HCl was administered. Postoperative analgesic requirements, sedation scores, the observed side effects, hospital stay, and the time of the first mobilization were recorded. The recorded parameters were analyzed statistically. Patients in both groups were discharged when they were afebrile, and could tolerate normal diet without abdominal tenderness.
Statistical Analysis
Sample size was calculated at least for 40 patients when power was taken as 80%, type I error as 0.05 and expected difference as ±20% for percentage of severe pain (R 3.0.1. open source programme). Data were evaluated using SPSS version 11.5 (Chicago Inc. IL, USA) package programme. To compare differences between the LA and OA groups, the Independent samples t-test was used for continuous data with normal distribution, Mann-Whitney U-test for continuous data with non-normal distribution or ordinal data, and the chi-square test or Fisher-Exact test were used for categorical data. Repeated measures two-way ANOVA was used for hemodynamic parameters depending on time. Descriptive statistics were expressed as mean±standard deviation for continuous data with normal distribution, and median and interquartile range for continuous data with nonnormal distribution. Categorical data were expressed as frequencies and percentages A value of p<0.05 was accepted as statistically significant.
RESULTS
A total of ASA I-II 80 patients with a mean age of 11.44±3.70 years (range, 5-17 years) were prospectively examined in the study. The two groups comprised equal number of patients who underwent LA or OA. The female to male ratio was 0.54 (28 female / 52 male). In the comparison between the two groups, there was no significant difference in terms of age, gender, weight and ASA scores. Rates of acute and perforated appendicitis were similar between the two groups. Anesthesia and operative times were significantly different between the groups ( Table 1 ).
The duration of anesthesia was significantly different but additional fentanyl citrate was not needed peroperatively in both groups.
When the distribution of perforated and acute appendicitis between groups were examined, it was seen that 10 patients in the OA, and 9 patients in the LA group had perforated appendicitis without any statistically significant intergroup difference (p<0.05).
There were no significant differences between the groups as for the heart rates, respiratory rates, sedation score values, diastolic and systolic blood pressure values during the study.
VAS and CHEOPS values were recorded throughout postoperative 48 hours without any significant differences between the groups (Table 2 ).
Thirteen patients (32.5%) in the LA , and 9 patients (22.5%) in the OA group required additional analgesia on the postoperative first day. However, on the postoperative second day only 2 patients (%5) which were in the OA group, needed additional analgesia. No patient in the LA group required additional analgesia.
When the patients were evaluated as for additional analgesia during the whole postoperative period, additional analgesia was administered twice to 5 patients in the OA group, and twice, and thrice to 3 patients, and once to one patient in the LA group, the other remaining patients receive additional analgesia only once.
In the LA group, 6 patients (11.8%) needed tramadol HCl at the postoperative 15 th minute, while no patients in the OA group needed tramadol HCL at the same time. Analgesia and pain scores were similar in (Table 2) . Six patients in the laparoscopic, and 2 patients in the open surgery groups had fever, and preoperatively received paracetamol. For 2 febrile patients in the OA group paracetamol was used on the first postoperative day.
In addition, there were no significant differences between the patients with perforated appendicitis and the those with acute appendicitis in terms of postoperative analgesia requirement. All patients were encouraged to return to unrestricted normal activity and there were no significant differences between the groups as for postoperative mobilization time. In respect of early postoperative complications, fever, wound infection and abscess formation were evaluated. There were no significant differences between the groups in terms of complications and the length of hospital stay (Table 1) .
DISCUSSION
Laparoscopic appendectomy is the most common emergency procedure in children (1) (2) (3) . In a metaanalysis by Jen et al, while the rate of LA surgery was 19% in pediatric patients in 1999, by 2006, it had become an equally preferred surgical treatment with OA with a rate of 52% (7) . Due to this development, the studies on the pediatric patients undergoing LA are increasing day by day.
In studies which mentioned the superiority of LA over OA in the literature it has been reported that postoperative pain is less than OA, which allows earlier mobilization and earlier discharge. Studies have indicated that total parenteral and oral analgesia requirements are less in the LA group (8, 9) . Postoperative pain treatment can be stopped 1.1 days earlier on average in the LA group compared to the patients who received OA (10) . Schmelzer et al. (11) reported that IV pain relief was required for 0.8 days in the LA group, while the patients in the OA group required IV pain relief twice longer period (1.9 days). Till et al. (12) found that there is significantly less need for use of narcotics in the patients in LA group in a study on pediatric patients by using the PCA method.
It is a clinical reality that pain is an important complaint during the postoperative period among patients undergoing LA. Moreover, Tomecka et al. (13) found that children who underwent LA had a substantial pain at 1: 3 ratio on the first, and 1: 5 on the second postoperative day. Therefore, the development of pain therapy regimens that can be reliably applied to the pediatric patients who have undergone OA as well as to children who are treated with LA is an important need.
There are many treatments such as non-steroidal anti-inflammatory drugs, opioids, corticosteroids and topical medications used during and after surgery for postoperative pain management (14) . Several treatment protocols have been developed in recent years, including preemptive analgesia, preventive analgesia, and multimodal analgesia in the treatment of postoperative pain (15) . The advantage of preemptive analgesia, which can be described as analgesic treatment initiated prior to surgical trauma, has been demonstrated with randomized studies performed during pre-and post-incisional period (16) . In recent years, there have been many studies supporting its use and concerning prevalence of preemptive analgesia, especially in pediatric patients (17) . However, until now, the effect of tramadol and bupivacaine combination treatment on postoperative pain in appendectomy patients has not been investigated.
Tramadol, which is in the weak opioids group in the classification of analgesics is a dual-acting synthetic drug with both opioid and non-opioid mechanisms of action and this additive effect obtained by these two mechanisms enables it widespread use in the treatment of moderate-to-severe pain thanks to its significant anti-nociceptive activity and favourable side effect profile (18) . Literature on the use of preemptive tramadol in children is very limited. Van der Berg et al. (19) compared the preemptive analgesic effect and side effects of tramadol, pethidine and nalbuphine in pediatric patients and found that patients receiving nalbuphine and tramadol returned to spontaneous respiration more easily, but adverse side effects such as nausea and vomiting were more frequent in the nalbuphine group, while doses of ≥ 3 mg/ kg tramadol resulted in nausea and vomiting. Özköse et al. (20) have shown that administration of low doses of tramadol at a dose of 0.5-1 mg/kg during induction to pediatric patients who undergo adenotocillectomy provides effective postoperative analgesia. The information we obtained from the results of our administration of 1.5 mg/kg tramadol dose in our study revealed that tramadol at indicated dosed provided sufficient preemptive analgesia in our patients. Side effects such as vomiting and sedation, which are common in tramadol use, have not been found in any of our patients.
Bupivacaine is an amide group local anesthetic with long efficacy and wide application area and its positive effects on postoperative pain via its preincisional use in tonsillectomy applied children under general anesthesia, has been known for a long time (21) . The positive effects of infiltration on the wounds in abdominal operations are well known in adult patients (22) . Cervini et al. (23) has shown that the use of intraoperative bupivacaine infiltration in patients undergoing laparoscopic appendectomy reduced postoperative pain and narcotic use. However, it is known that the postoperative analgesic needs of adult patients and pediatric patients undergoing appendectomy are different, and it is not appropriate to consider the studies done in adult patients correspond exactly to those performed in pediatric patients (24) . As a matter of fact, Wright et al. (25) showed in a controlled study of appendectomized children, bupivacaine infiltration significantly reduced postoperative pain. In our study, we think that reaching the same pain level of LA group in the OA group depends on the local bupivacaine effect. Similarly in a retrospective study, Liu et al. (26) reported that using multimodal analgesia with local anesthesia was effective in reducing pain in pediatric patients following laparoscopic appendectomy.
The multimodal analgesia protocol that we used in our study was a combination of preemptive analgesia and local infiltration analgesia. We couldn't find any study in the literature in which this multimodal analgesia protocol has been used. In our study, postoperative pain was assessed while considering the difficulty of pain assessment in children and VAS and CHEOPS pain scales as well as hemodynamic monitoring were taken into account. In our study, we aimed to provide pain treatment which we believed to be effective in all patients by applying the same standard analgesic regimen in both groups and therefore we did not consider it appropriate to create a control group. We compared OA, and LA groups as for VAS, CHEOPS pain scale scores and haemodynamic values and found that there is less postoperative pain in the LA group in general.
There are controversies about length of hospital stay, time to return to normal activity and complications between OA and LA in the literature (7) . Most of the publications have claimed that LA leads to shorter hospital stay, earlier return to normal activity and lower number of complication than open appendectomy (4) . We accept that effective standardised multimodal analgesia regimen and perioperative local anesthesia infiltration achieve early postoperative mobilization in both groups. In a comparative study of pediatric patients by Li et al. (10) it was reported that patients undergoing LA, had a shorter hospital stay compared to OA patients. In 2010 a metaanalysis of 95,806 pediatric appendectomies, Jen et al. (7) determined that the risk of postoperative abscess formation increased in the LA group. On the other hand, length of hospital stay was shorter in the LA group. In our study, there were no difference in hospital stay and time to return to daily activities between LA and OA groups. We think that the significant length of anaesthesia and operative time of laparoscopic appendectomy will be equalized between the two groups by the increase of our experience of laparoscopic appendectomy.
Standardised multimodal analgesia protocol consisting of preemptive analgesia and perioperative local anesthesia infiltration is used in LA and OA in pediatric patients for postoperative pain control. This single-blind, prospective, randomized clinical research study showed no difference between the patients who underwent laparoscopic or open surgery in respect of pain levels and analgesic requirements after appendectomy. Besides, there were no significant differences between the patients with perforated appendicitis and the patients with acute appendicitis in terms of postoperative analgesia.
